hour intraesophageal pH <4 holding time (HT), mean number of GER episodes or mean number of proximal reflux episodes. The reflux-related symptom index ( ≥ 50%) showed a relationship between reflux and symptoms in 70.5% of EMD patients and 75% of non-EMD patients. In the EMD group, the score for FSSG (Frequency Scale for the Symptoms of GERD) question (Q)10 was significantly correlated with the number of GER episodes (r = 0.58, p = 0.02) and the number of proximal reflux episodes (r = 0.63, p = 0.02). In addition, the score for Q9 tended to be correlated with the number of GER episodes (r = 0.44, p = 0.06). Conclusion: Our results suggest that some PPI-refractory NERD patients have EMDs, and that GER plays a role in symptom onset.
Introduction
Gastroesophageal reflux disease (GERD) is defined as a condition in which the reflux of stomach contents causes troublesome symptoms and/or complications [1] . Morphological factors involved in gastroesophageal reflux (GER) include motility disorders, esophageal hiatal hernia, decreased lower esophageal sphincter (LES) pressure, transient LES relaxation and increased intra-ab-dominal pressure [2] . On the other hand, nonerosive reflux disease (NERD) [1] is a functional gastrointestinal disorder that is defined as being present when, despite typical symptoms of GER such as heartburn and acid regurgitation, upper endoscopy reveals no gastroesophageal mucosal abnormalities.
NERD accounts for at least half of GERD cases [3] , but acid reflux has little role in the pathogenic mechanism [4] , and with proton pump inhibitors (PPIs), which are the first choice of treatment in GERD [5, 6] , the symptom improvement rate in NERD is low [3, [7] [8] [9] . In the pathogenesis of PPI-refractory NERD, which occurs in ≥ 50% of NERD patients, other than acidity, nonacid reflux, abnormal esophageal motility, esophageal hypersensitivity and psychological factors are intricately related [10] .
This study included PPI-refractory NERD patients in whom symptoms did not improve with a PPI, the first choice of treatment for GERD. In these patients with socalled functional heartburn, the prevalence, types and symptoms of EMDs were evaluated, and the relationship between GER and symptom onset was examined.
Methods

Subjects
This was a prospective study conducted at Aichi Medical University Hospital. From the group of NERD patients who complained of heartburn at least twice a week and who were found to have no organic abnormalities (excluding esophageal hiatus hernia) on upper gastrointestinal endoscopy, patients whose heartburn symptoms did not improve despite taking a PPI at the standard dose for at least 8 weeks (PPI-refractory NERD patients) were targeted. A total of 76 patients (44 males, 32 females; mean age 54.8 ± 1.7 years; mean BMI 22.4 ± 0.4) examined by the Department of Gastroenterology, Aichi Medical University Hospital, were enrolled between January 2007 and March 2012. The study was approved by the Ethics Committee of Aichi Medical University School of Medicine and performed with the written informed consent of the patients. All medical interviews and examinations were conducted while patients were taking a continuous course of PPI at standard doses.
Manometric Study
Intraesophageal pressure was tested using a Polygraf ID multiparameter gastrointestinal motility function measurement system (Sierra Scientific Instruments, Los Angeles, Calif., USA) with an 8-channel, water-perfused, Dent's sleeve catheter inserted nasally into the esophagus. The LES position from the nasal cavity, LES pressure and primary peristaltic wave based on 10 water swallows were observed with the patient recumbent. Esophageal motility disorders (EMDs) were classified as achalasia, diffuse esophageal spasm, nutcracker esophagus, hypertensive LES, ineffective esophageal motility (IEM) [11] and nonspecific EMDs, following the classification of Castell et al. [12] ( table 1 ) .
24-Hour Multichannel Intraluminal Impedance-pH Monitoring
The multichannel intraluminal impedance-pH (MII-pH) monitoring system (Sleuth ® multi-impedance pH monitoring system, Sandhill Scientific, Highlands Ranch, Colo., USA) [13] included a portable data logger with impedance-pH amplifiers and a catheter with one antimony pH electrode and eight impedance electrodes at 2, 4, 6, 8, 10, 14, 16 and 18 cm from the tip of the catheter. Each pair of adjacent electrodes represented an impedancemeasuring segment (length 2 cm) corresponding to one recording channel. The six impedance and one pH signals were recorded at 50 Hz on a 128-MB CompactFlash (SanDisk, Milpitas, Calif., USA). The single-use MII-pH catheter was passed into the esophagus transnasally and positioned with the pH electrode 5 cm above the upper margin of the LES, and data were continuously recorded for 24 hours while the patient remained in hospital. Proximal extent (number and percent of reflux episodes reaching 15 cm above LES) was also measured.
Patients ate three meals and were asked to record their posture (e.g. recumbent), meals and occurrence of heartburn and other symptoms. Data analysis excluding mealtimes was done using BioVIEW Analysis ® computer software (version 5.3.4, Sandhill Scientific). This analytical software is capable of automatically evaluating parameters such as reflux frequency of liquid and gas, and mixtures of the two, pH of liquids, and symptom indices (SI) of these parameters with a high degree of reliability [14] . SI was defined as positive if the proportion of symptoms due to reflux accounted for at least 50% of overall symptoms in 24 h [15] .
Medical Interview
During examination, reflux symptoms were assessed using the questionnaire for the Frequency Scale for the Symptoms of GERD Table 1 . Manometric criteria for EMDs [12] 63 (FSSG) [16] . The FSSG total score and acid reflux [question (Q)1, 4, 6, 7, 9, 10, 12], motility disorder (Q2, 3, 5, 8, 11) and laryngopharyngeal reflux (LPR; total of Q7 + 9) scores were evaluated. To check for the presence of neuroticism, patients were also asked to complete the Cornell Medical Index (CMI) [17] questionnaire which has been widely used as a method of psychiatric case identification.
Statistical Analysis
Data are shown as means ± standard deviation. Analysis was based on the Mann-Whitney test, Fisher's test, Kruskal-Wallis test and Spearman's rank correlation. A significant difference was defined as p < 0.05.
Results
Based on esophageal manometry in the 76 PPI-refractory NERD patients, 19 (25%) could be diagnosed as having an EMD. Based on the Rome III diagnostic criteria, excluding 2 patients with achalasia, 17 patients (9 men, 8 women; mean age 56.5 ± 3.4 years; BMI 23.1 ± 0.7) were classified in the EMD group, including 6 with IEM, 9 with nonspecific EMD and 2 with hypertensive LES (HLES). A total of 57 patients (35 men, 22 women; mean age 53.4 ± 16.3 years; BMI 22.2 ± 2.9) were in the normal motility group without an EMD (non-EMD group; fig. 1 ).
The CMI showed neuroticism (area III or IV) in 13 patients (22.8%) in the non-EMD group and 4 patients (23.5%) in the EMD group, but neuroticism, as well as sex, age and BMI, did not differ significantly between the groups ( table 2 ). On 24-hour MII-pH monitoring, the percentage time of 24-hour intraesophageal pH <4 holding time (HT) was 6.9 ± 12.3% in the non-EMD group and 4.7 ± 2.4% in the EMD group. Excessive acid reflux was present in 13 patients (22%) with non-EMD and 3 patients (18%) with EMD, but no significant difference was found between the groups.
The mean number of GER episodes in the non-EMD group and the EMD group was 59.5 ± 40.7 and 80.5 ± 17.9, respectively, and the mean number of proximal reflux episodes (15 cm above the LES) was 24.2 ± 20.4 and 29.3 ± 9.3, respectively. No significant differences were observed ( table 2 ). The percentage of reflux contents over 24 h was acid 11%, nonacid 68% and gas 21% in the non-EMD group, and acid 15%, nonacid 63% and gas 22% in the EMD group. No significant differences were observed between the groups.
The reflux-related symptom index (SI) was positive (SI ≥ 50%) in 43 (75%) of the non-EMD group patients and 12 (70.5%) of the EMD group patients. No significant difference was found. The SI-positive reflux contents in the non-EMD group were as follows: acid only in 7, nonacid only in 14, gas only in 8, acid + nonacid in 5, acid + gas in 2, nonacid + gas in 5, and acid + nonacid + gas in 2 patients. Reflux contents in the EMD group were as follows: nonacid in 3, gas only in 1, acid + nonacid in 4, nonacid + gas in 3, and acid + nonacid + gas in 1 patient ( table 2 ) .
A comparison of symptoms showed no significant differences in the mean FSSG total score, mean acid reflux score or mean LPR score ( table 2 ) . Evaluation of a correlation between each FSSG question and number of reflux episodes showed that, in the non-EMD group patients, there was no correlation with mean number of GER episodes or number of proximal reflux episodes. However, in the EMD group patients, the score for Q10 ['Do you get bitter liquid (acid) coming up into your throat?'] was significantly correlated both with the number of GER episodes and the number of proximal reflux episodes. The score for Q9 ('Do some things get stuck when you swallow?') tended to be correlated with the number of GER episodes ( table 3 ; fig. 2 ).
Discussion
In clinical practice, of NERD patients who complain of symptoms despite the absence of structural abnormalities on GI studies including upper endoscopy, when symptoms improve with a trial of PPI therapy, heartburn due to endoscopy-negative reflux disease can be presumptively diagnosed without any clinical problems. On the other hand, in PPI-refractory NERD patients without symptom improvement using an oral PPI, further evaluation including MII-pH monitoring [18, 19] and assessment of esophageal motor function such as manometry [20] may be useful. However, since such testing is not always avail- In a study in Japan of 29 endoscopy-negative reflux disease patients refractory to double doses of PPIs, 1 patient was reported with nonspecific EMD [21] . In the present study of 76 PPI-refractory NERD patients, however, 19 (25%) had an EMD. A comparison between the 17 EMD group patients, excluding two with esophageal achalasia, and the 57 non-EMD group patients showed no significant differences in sex, age, BMI or neuroticism as assessed by the CMI. In addition, LES pressure in HLES patients increases due to various factors such as emotional stress and GER [22] . However, in the present study, 4 (23.5%) out of 17 patients in the EMD group had neuroticism, but with no significant difference compared to the non-EMD group. Thus, emotional stress was not observed to have a role. On evaluation of GER using 24-hour MII-pH monitoring, the non-EMD group, similar to the EMD group, had excessive acid reflux into the esophagus despite standard oral doses of PPIs. However, the high dose of PPI treatment may be effective for these non-EMD patients with excessive acid reflux into the esophagus despite standard oral doses of PPI [23] . Excessive acid is a factor in increasing LES pressure in HLES patients [22] . In a study of acid exposure time and esophageal manometry in GERD patients, including 48 patients aged ≤ 40 years and 133 patients aged ≥ 65 years, LES pressure decreased in both groups with increased acid exposure time, but the patients aged ≥ 65 years No correlation between each FSSG question and either number of GER episodes or number of proximal reflux episodes was observed in the normal non-EMD group. However, in the EMD group, FSSG Q10 was significantly correlated with the number of GER episodes and proximal reflux episodes, and Q9 tended to be correlated with the number of GER episodes.
had a higher rate of decreased synchronous peristaltic waves [24] . Another study reported similar rates of IEM irrespective of esophagitis in GERD patients [25] .
In a study of frequency of esophageal motor abnormalities in 113 NERD patients and 37 GERD patients, the frequency of IEM was low at 15.9% in NERD patients, and the frequency of IEM increased with more severe esophageal mucosal lesions [26] . In a study involving pH monitoring in erosive esophagitis and NERD associated with IEM, no difference in the rate of acid reflux was reported [27] . No differences even with severity of manometric findings have been reported [28] . In addition, in an assessment of IEM patients for an EMD using impedance testing, swallowed bolus transit was normal in 60-70% of cases of abnormal peristalsis in IEM patients, and in about 1/3 of IEM patients diagnosed by manometry, impedance testing was normal [29] . EMD increased in parallel with the severity of GERD from NERD to erosive esophagitis and Barrett esophagus [30] . These findings in the above reports suggest a very complex relationship between GER and symptom onset in patients with EMDs.
However, in the PPI-refractory NERD patients in the present study, comparison of the non-EMD group and the EMD group showed no significant differences in the 24-hour mean number of GER episodes or proximal reflux episodes, including 24-hour intraesophageal pH <4 (HT). In addition, the SI-positive rate was high in both groups, 75% in the non-EMD group and 70.5% in the EMD group, but the difference was not significant. Based on 24-hour MII-pH monitoring in the present study of PPI-refractory NERD patients, GER specifically associated with an EMD could not be detected.
In a study of 100 GERD patients with primary symptoms of LPR, 48% had IEM, 10% had HLES, 9% had a nutcracker esophagus and 4% had achalasia, but no differences in acid reflux with these motility disorders were reported [31] . In the present study with symptom assessment using the FSSG, no significant differences were observed between the non-EMD group and the EMD group in FSSG total score, acid reflux score or LPR score. Moreover, among the types of EMDs, there were no differences in FSSG total score, acid reflux score or LPR score. Based on the above findings, because clinical characteristics, symptoms and GER dynamics did not differ between the non-EMD group and the EMD group, manometry (measurement of intraesophageal pressure) was necessary to distinguish between these two groups.
In reports to date, no relationship between GER and symptoms in PPI-refractory NERD patients has been found [10, 32] , and also in the present study no correlation between each FSSG question and the number of GER episodes or the number of proximal reflux episodes was observed in the non-EMD group. However, in the EMD group, FSSG Q10 was correlated with the number of GER and proximal reflux episodes, and Q9 tended to be correlated with the number of GER episodes. These results demonstrate that GER, particularly proximal reflux, is important in symptom onset in patients with EMDs who are taking a PPI.
This study had some limitations. First, because the subjects were PPI-refractory NERD patients at a very highly specialized medical institution, this may have introduced a bias in case selection. The number of patients was also limited because of this study being conducted at a single institution. Second, this study targeted patients taking standard PPI doses, which are covered by health insurance in Japan. Therefore, PPI dose and treatment duration must be taken into consideration when comparing the data from other countries.
Irrespective of these limitations, the present study of Japanese patients with PPI-refractory NERD found that a certain percentage of patients have an EMD, and that in these patients with an EMD, GER plays a role in symptom onset. In addition, Q10 and Q9 of the FSSG, which is convenient for questionnaire interview, were useful items in predicting an EMD associated with GER. This can serve as a useful index in deciding indications for further testing of esophageal motor function, which is not universally available at general medical facilities.
In conclusion, some Japanese patients with PPI-refractory NERD have an EMD. Early detection of these patients during general medical care and appropriate testing and treatment can improve patient satisfaction and quality of life.
